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SUMMARY 

An experimental investigation was made in Langley tsnk no. 2 to 
determine the effects of planing in a wske on the forces of a planing 
surface and to locate desirable positions in the wake with regard to 
the lift and lift-drsg ratio of the planing surface. Two combinations 
of multiple hydro-skis were tested: two hydra-skis in tandem snd three 
hydro-skis arranged with a single front hydro-ski and two rest hydro- 
skis. Drag, wetted area, and draft of the resr hydro-skis at selected 
loads were measured at various positions in the wake of the front hydro- 
ski and were compared with the planing forces of a single hydro-ski in 
undisturbed water at similar planing conditions. 

The results of the investigation show that the rear hydro-ski in 
a tandem srrangement could have large increases in lift coefficient and 
small improvements in lift-drag ratio compared with a hydro-ski in 
undisturbed water over a limited speed range. The two trailing hydro- 
skis in a three-hydra-ski srrangement would tend to have losses in effi- 
ciency compared with hydra-skis in undisturbed water, but the losses 
could be prevented by casefully selecting the hydra-ski spacing. 

INTRODUCTION 

Quantities of data on many different shapes of surfaces planing in 
undisturbed water are available and work has been done on mapping the 
profile and transverse wave contours of the wake of these planing sur- 
faces. Little has been done, however, to determine the effect of a 
wake forward of planing surfaces, except for the case of an afterbody 
planing in the wake of its forebody. Such information would be useful 
in the design of multiple hydro-ski configurations. An investigation 
was therefore made in Langley tsnk no. 2 to determine the effects of 
a wake on the forces of a trailing planing surface and to locate desir- 
able positions in the wake with regard to lift and lift-drag ratio. 
Flat rectangular plates were used as the planing surfaces and two 

. 
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combinations of hydra-skis were investigated: a pair of hydro-skis in 
tandem and three hydra-skis with two resr hydra-skis following in the c 
wake of a single forward hydro-ski. The data obtained in this investi- 
gation are presented in tabular form and Wplots of the ratios of lift - 
coefficient, lift-drag ratio, and draft measured in the w&se to corre- 
sponding values at the ssme angle of attack, speed, and load in undis- 
turbed water. 

SYMBOLS 

b 

L 
cL lift coefficient based on wetted area, - 

g sv2 

CL,w 

CL 

CV 

cA 

d 

d, 
d 

D 

Q 

2m 

L 

L/D 

beam of planing surface, ft 

ratio of the lift coefficient measured in the wske to 
that measured in undisturbed water at similar planing 
conditions .- 

. t 

speed coefficient, - 

load coefficient or beam loading, a 
pgb3 

draft at trailing edge (measured vertically from undis- 
turbed water surface), ft 

ratio of the draft measured in the wake to that measured 
in undisturbed water at similar planing conditions 

total drag of planing surface, lb 

acceleration due to gravity, '32.2 ft/sec2 

mean wetted length, ft 

total lift of planing surface, lb 

lift-drag ratio 

_- 

i 
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(L/D) w 

(L/D) 

S 

V 

X 

Y 

A 

E 

P 

a 

a’ 

Subscript: 

W 

3 

ratio of the lift-drag ratio measured in the wske to that 
measured in undisturbed water at similar planing 
conditions 

wetted planing area, sq ft 

csrriage speed, fps 

longitudinal spacing of hydro-skis, beams 

center-line spacing between hydra-skis, besms 

vertical load, lb (A = L) 

effective downwash angle, a - a', deg 

mass density of tank water, 1.942 slug/cu ft 

geometric (pre-set) angle of attack (measured between 
Planing surface and undisturbed water surface), deg 

effective angle of attack (computed), deg 

value measured in the wake 

APPARATLJSANDPRoCEDURE 

Description of Models 

The planing surfaces used as models were flat rectangular plates 
of stainless steel10 inches long, 2 inches wide, and 3/8 inch thick 
machined and ground smooth on sll surfaces so that all corners and 
edges were sharp and square. The bottoms of the models were marked to 
facilitate reading of wetted lengths from underwater photographs. 

Test Methods and Equipment 

The tests were made with the models attached to the main towing 
carriage in Langley tank no. 2. Figure l(a) shows the two hydra-skis 
in the tandem srrangement and figure l(b) shows the three-hydra-ski 
arrangement installed on the towing carriage. No forces were measured 
on the front hydro-ski, since the only function of this surface was to 
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provide a wake at the same load and pre-set angle of attack as the rear 
hydro-ski or hydro-skis. The hydro-skis were mounted so that they were 
free to rise but were fixed in all other degrees of freedom. The hydro- 
skis could be positioned at various distances apart, so that the rela- 
tionship of the rear hydra-skis to the wske of the fro@, hydro-ski 
could be changed. 

&I 

- 

A constant load was applied through the towing staffs so that the 
load on each hydra-ski was the sszne (the load on the two rear hydro- 
skis being assumed equally divided between them). The drag was measured - 
by an electrical strain-gage beam and its deflection was read visually 
on a galvanometer. The tests were made without a wind screen. Tare 
runs were made with the rear hydra-skis removed and the force of the 
air and of the spray from the front hydro-ski impinging on the rear 
struts was measured. These tares are subtracted from the drag data 
presented. The draft was read visually from a scale by means of a .- 
pointer attached to the towing staff. Wetted area was measured from 
underwater photographs made with a 70-millimeter camera mounted in a 
waterproof box located on the bottom of the tank. The camera and high- 
speed flash lamps were set off by the action of the carriage interrupting 
a photo-electric beam. A similar camera was mounted on a boom attached 
to the towing carriage to tske above-water profile pictures of the z 

models being tested. I 

The accuracy of the various measurements is estimated to be as 
follows: -- Y 

Load,lb........................... +-0.01 
Drag,lb........................... +0.02 
Angle of attack, deg . . . . . . . . . . . . . . . . . . . . . fO.l 
Draft,ft . . . . . . . . . . . . . . . . . . . . . . . . . . kO.01 
Mean wetted length, ft . . . . . . . . . . . . . . . . . . . . . kO.01 
Speed,fps........................-.. f0.2 

Tests were made at angles of attack of 6', 12', and lBO at loads 
of 4.0, 7.0, and.13.0 pounds per hydra-ski and at constant speeds from 
15 to 55 feet per second. All the test speeds are above the critical 
wave speed of the tank (13.8 fps, limiting~~peed of transverse wave 
propagation). The rear hydra-skis were tested at locations of 5, 10, 
15, and 19 beams aft of the front hydro-ski (measured trailing edge to 
trailing edge). In the three-hydro-ski arrangement the two rear hydro- 
skis were tested with center-line spacingsof 3, 5, and 7 beams. 

J 
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RFSULTS AND DISCUSSION 

General 

In an analysis of the results of this investigation, it is impor- 
tant to consider the effect of the pertinent parameters on the contour 
of the wske. A sketch of the approximate shape of the wake of a flat 
planing surface is given in figure 2. At a given angle of attack and 
load coefficient sn increase in speed coefficient decreases the draft 
and moves the roach aft but has little effect on the depth of the trough 
or the height and location of the side wave. At a given speed coeffi- 
cient and load coefficient an increase in angle of attack has an effect ' 
similas to sn increase in speed coefficient. At a given angle of attack 
and speed coefficient an increase in load coefficient increases the 
draft, moves the roach forward, and increases the depth of the trough 
and the height of and width between the side waves. 

The lift coefficients, lift-drag ratios, and &aft8 measured in 
the wake sre presented herein as ratios referred to the values in undis- 
turbed water at the same angle of attack, speed, and load. The 
undisturbed-water values for CL and L/D were taken from reference 1 
and values for d, from reference 2. The effective sngle of attack a' 
that would be necesssry to produce the measured lift coefficients if 
the planing surface were running in undisturbed water at the same length- 
beam ratio at free-streaan velocity has also been determined by using 
reference 1. The effective downwash angle E for the test conditions 
was computed from the relation E = a - a'. 

Two-Hydra-Ski Arrangement in Tandem 

r . . 

The experimental data for the two hydra-skis in tandem are presented 
in table I(a), and plots of the ratios of the lift coefficients, lift- 
drag ratios, and drafts as well as the effective downwash angles sre 
presented in figure 3. The data are plotted as a function of the longi- 
tudinal spacing between the two hydra-skis measured in beams; speed 
coefficient and angle of attack are parameters. The forces tend to peak 
when the trailing hydro-ski is riding the up slope of the roach of the 
front hydro-ski. As the speed coefficient increases, the peak OCCUTS at 
greater longitudinal spacings or is never reached in the range of loca- 
tions tested. The ratio dw/d increased rapidly with increasing speed 
at a constant load coefficient. When the load coefficient was increased 
and the speed further increased, this ratio was reduced because of the 

Some effects on increased draft of the hydra-ski in undisturbed water. 
the lift-drag ratio paralleling that on the lift coefficient and the 
downwash angle were noted. 
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The results obtained-at all angles of attack of the tests were siml- 
1sX. The most interesting point was a lift~.coefficient in the wake at 
a= 3.2' (fig. 3(b)) of 2.7 times that obtained in undisturbed water. 
Because of the hJ.gher speeds necessary to support the load at a = B", 
the roach was always located aft of the trailing hydro-ski. This poei- 
tion of the roach resulted in an increase in the lift coefficient as 
the trailing hydro-ski was moved aft. The most significant effect of 
angle of attack was the apreciable change in the lift-drag-ratio param- 
eter obtained at a = 6O (fig. 3(a)). At this angle of attack, the 
friction drag is a lszge pest of the total drag; whereas, at high angles 
the friction drag may be considered almost a negligible part of the 
total. The bydro-ski, when operating at a = 6' in a downwash, requires 
an increase in wetted area to support the load. This increase in wetted 
srea causes an increase in friction drag and results in a decrease in 
the lift-drag-ratio psrameter. The inverse is true when the surface %s 
operating in an upwash. 

c 

Figure 4 shows underwater and side photographs of the trailing 
hydra-ski in the tandem arrangement operating in contrasting regions of 
the wake. The lower two photographs show the hydra-ski in a region 
where the lift coefficient is increased by the presence of the wake 
(upwash) and the upper two photographs show a region where the wake is 
detrimental (downwash). r 

No single position in the wake within the range tested was found 
where either the lift-drag ratio or the lift coefficient was increased 
over the entire speed and angle-of-attack range of the tests. L=-ge 
increases in lift coefficient and small improvement in lift-drag ratio 
were obtained at some positions through a restricted speed range. The 
effect of speed can be seen in figure 5 (a cross plot from fig. 3), 
where speed coefficient CV is the abscissa. For example assume a 
flat-bottom tandem hydra-ski installation to have hydra-skis with 3-foot 
beams spaced 15 beams apart, operatin@; at a hump speed of about 50 knots 
WV = 9) and an angle of attack of 12O; then, the ratio of the lift 

CL,w 
coefficient in the wake to the lift coefficient in smooth water - 

CL 

is seen to be 1.6. Just prior to hump speed a maximum cLw 
CL 

0f 2.7 

was obtained; however, soon after the hw speed is reached the ratio 
CL,w This result indicates that a 

CL 
is reduced-to less than unity. 

tandem arrsngement might be more efficient-over a critical speed range, 
such as in the region of the hump speed, t.&an in undisturbed water. One 
of the hydro-skis could then be retracted (provided adequate longitudinal ,? 
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balance was available) for the remainder of the take-off run. The rela- 
tively lsrge~longitudinal hydro-ski spacing required for an efficient 

. tandem srrangement, however, may limit the usefulness of this type of 
installation. 

Three-Hydra-Ski Arrangement 

For the three-hydra-ski srrangement, the side-wave contours in the 
wske were the significant regions to be considered, whereas the roach 
was the important psrt of the wake for the tandem bydro-ski errangement. 
Angle of attack and speed were rather minor parameters for the three- 
hydro-ski srrsngement, since the location and characteristics of the 
side-wave contours were only slightly affected by changes in angle of 
attack and speed. This result is in contrast to the large dependence 
of the roach on these parameters noted with the tandem arrangement. 
The data obtained with the three-hydra-ski arrsngement are presented in 
table I(b) and figures 6 to 10. The plots are similar to those for the 
tandem arrangement except that an additional variable, the width between 
the center lines of the two resr by&co-skis, is added. With center-line 
spacings of 3 and 5 beams, sn improvement in lift coefficient and lift- 
drag ratio because of the presence of the wske could usually be obtained 
only at the shorter longitud+l spacfng (figs. 6 to 8). As the longi- 
tudinal spacing increased, in general, the lift coefficient and the lift- 
drag ratio decreased because the bydro-skis were operating in a downwash. 
Part of the change in lif't-drag ratio was probably due to an increase in 
drag caused by spray from the front hydra-ski striking the leading edge 
of the two resr bydro-skis, as can be seen in the side photographs of 
figure 9. This spray drag was not measured and subtracted as a tsre. 
The underwater photographs of figure 9 show the relationship of the 
hydra-skis to the wske and some rather interesting wetted areas caused 
by the contour of the wave on which the skis were planing. When the 
center-line spacing was 7 beams, the two rear bydro-skis were fsr enough 
outboard to be &most clear of the wake and only small changes in the 
data were measured. The three-bydro-ski srrangement with a center-line 
spacing of 7 beems was not tested at o. = 6O, since preliminsry tests 
had indicated that at this condition, the effect of the wake would be 
negligible. 

At low speed coefficients and lszge longitudinal spacFngs the lift 
sometimes became insufficient to support the model as a result of unfavor- 
able downwash, and the hydra-ski submerged; consequently, corresponding 
points are missing in figures 6(a), T(a), T(b), and 8(a). At a = 120 
an instability developed at high speeds for longitudinal spacings less 
than 1-5 beams, when the hydra-skis got too close to the side wave. The 
instability was such that data could not be measured, so that the corre- 
sponding data points are missing in figures 7(a) and 7(b). 
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If it were practical to locate the hydro-skis far enough aft, the 
downwash usually encountered with the three-hydra-ski arrangement might 
be avoided but within the range of the tests, moving the hydra-skis aft 
generally decreased the lift coefficient, the lift-drag ratio, and the 
effective angle of. attack. Increasing the center-line spacing between 
the rear hydra-skis reduced the effect of the wake. The effect of hydro- 
ski spacing can be seen in figure 10 (a cross plot from figures 6, 7, 
and 8). The three-hydra-ski arrangement frequently experienced losses 
in efficiency compared with hydra-skis in undisturbed water but indica- 
tions were that the losses might be prevented by carefully selecting 
the hydra-ski spacing. 

Y 

cONcLusIONs 

The results of the investigation of hydro-skis in a wake Indicated 
that : 

1. The rear hydra-ski in a tandem arrangement could have large 
increases in lift coefficient and small improvements in lift-drag ratio 
compared with hydra-skis in undisturbed water over a limited speed 
range. 

2. The trailing hydro-skis in a three-hydra-ski arrangement would 
tend to experience losses in efficiency compared with hydra-skis in 
undisturbed water, -but the losses could apparently be prevented by 
carefully selecting the hydra-ski spacing. 

- 

i 

- 

Langley Aeronautical Laboratory, 
National Advisory C!&ttee for Aeronautics, 

Langley Field, Va., Februsry 17, 1958. 
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C b = 0.167 fi] 

(a) Tandem bydro-ski arrangement 

Spacing, 
X> 

beams 
CV CL L, D, 

lb lb w ajb 

2 ; 15.13 16.20 13.85 0.038 :: 0.98 -98 3.2 3.0 1.6 
13.85 .035 1.5 

6 5 17.30 13.85 -046 4 .92 2.0 1.0 

2 10 10 if:," 13.85 13.85 -038 .044 :: :E 5:: Z 

2 10 10 15.13 16.20 13.85 .w3 4 :E 2-3 2.0 1:2 1.0 
6 

13.85 .053 
10 17.30 13.85 .062 :: .86 1.3 .8 

2 15 15 10.80 13.85 4 2.2 

lk.05 $2 

13.85 :F9 

2 :; 13.85 .057 4” 

:z 4*3 3.3 

.83 13.85 2.9 2.5 2; 1.3 
2 15 Id.20 15.13 133.85 :g1 "4 2 2.0 1.0 

15 13.85 .orll 
:: 

a-77 1.5 
6 15 17.30 13.85 -077 a-i-7 :68 
6 15 23.80 45.00 .033 13 3J-8 

41:; 
2.5 

2 19 19 1,':zi 13.85 .086 .095 :: .61 .6 3.4 1.7 
13.85 

6 19 2: 13.85 .-7 i :$ ;.; i.1 - 
2 19 19 13.85 -075 14.05 13.85 .070 4 
6” 19 19 16.20 15.13 13.85 .097 -11-T 4” :g 

2.0 2:2 1.1 1.0 
1.3 .6 

13.85 
2 19 19 l-i.30 17.30 24.20 13.85 .I24 4 :45 

2 19 19 17.30 23.80 45.00 24.20 -039 :% 13 :: 

1.53 :; 3.4 :: 
1.7 

1.53 2.89 2:: 2.0 1.8 

12 
; 2; 

13.85 .osS 
44 1% 45:: 

2.5 
I2 13.85 -093 2.0 
2.2 9:73 4 13.85 -105 1:@3 2.8 1.4 
12 

; 
10.80 13.85 .129 1.00 1.9 

12 z u.90 13.85 al57 :: 2 
12 17.30 
12 5 17.30 

E-~ :;: t; 
:‘g 

3:25 

2: 

. 4:1 
2.0 
2.1 

I2 10 6.48 13.85 ,180 .94 
I2 10 7.57 13.85 .176 

:: 
.g1 

2.; 
. 

;.," 

12 10 8.65 13.85 .165 4 1:1 
I2 10 9.73 13.85 .178 

::: 
.8 

12 10 10.80 13.85 -3 
:: 

;g 

1.3 .7 

I2 lo 17.30 45.00 J-04 13 3.30 2.9 I2 10 17.30 45.00 ,108 13 3.30 2.8 5 
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TABLZ I.- Continued 

EX?EBlNEXPALDATAFOR~-WHYDM--MEASURFD INAWWAKE 

[b = 0.167 fi] 

(a) Tandem hydra-eki arrangement - Concluded 

=> 
deg 

12 1-5 6.48 13.85 0.240 t 0.94 2.8 1.4 
12 15 E; 13.85 .@ .8 
I.2 15 . 13.85 

2; 
.89 

;.z 

12 13.85 .244 .g1 1:2 
I2 ;; 1~:~ 13.85 .a8 i 

rf 

12 15 17.30 45.00 .126 l 91 z 3.25 1.2 
I2 15 17.30 45.00 .128 t5 3.25 214 1.2 

I2 19 6.48 13.85 .16g 1.06 3.9 2.0 

I2 19 7.57 13.85 .226 44 *94 2.2 I2 
I.2 

:; 8.65 13.85 ::2; t .g4 1.1 “:k 
9.73 13.85 .83 1.0 

IL? 19 10.80 13.85 -297 :z 
I2 19 

g:g 
13.85 -327 

:: :$ :68 

I2 19 45.cKl .151 13 3.25 2.0 1:; 

18 6.48 13.85 .216 1.30 3.1 1.5 
18 55 13.85 .216 44 1.30 1.1 
18 5 

782; 
13.85 .256 1.30 

::; 
.‘I 

18 
55 

9:-n 1-3.85 - 279 
:: 

1.28 1.1 
18 10.80 13.85 4 1.26 :Z 
18 
18 

iz 12.96 
::g 

13 4.48 
3:: 

1.7 
u.96 

45.00 
45.00 .163 13 4.48 3.3 1.7 

18 10 6.48 13.85 $2 4 1.24 2.0 1.0 
18 10 7.57 13.85 1.28 1.5 .8 

18 10 8.65 13.85 .353 44 1.24 1.1 18 10 9.73 13.85 .392 
4" 

1.28 .8 :Z 
18 10 10.80 13.85 .452 .3 
18 10 J-2.96 45.00 .2lO 13 

::g 2s 
1.3 

18 10 u.96 45.00 .2l4 13 4.31 2.5 1.3 

18 15 6.48 13.85 .412 
44 

1.32 1.6 
18 t; 7.57 13.85 ,441 1.24 1.1 :68 

18 8.65 13.85 1.30 1.0 18 15 9.73 
18 15 10.80 

g-g :g :: 1;26 .7 :; 
,528 4 1.30 

18 15 12.96 45:co -250 13 4.24 2:: 1:: 
18 15 12.96 45.00 .243 13 4.24 2.2 1.1 

18 19 6.48 13.85 .315 4 1.36 2.1 1.1 
18 19 

82; 

13.85 ,404 

44 

1.30 1.2 .6 

18 19 13.85 .413 .9 
18 19 9:73 13.85 .452 

t.2 
18 19 10.80 13.85 .339 :: 1:30 ::: 

1; 

18 19 12.g 45.00 .275 13 
18 19 12.96 45.00 .282 _ 13 

. 



NACA TN 4251 
c 

TABLE I.- continued 

~DKCAFORFLA!C-FMTE~O-BKISK3AWRED IRAm 

Lb I 0.l67 fi] 

(b) Three&y&o-&L arrangement 

2 z ; ti:g 13.85 13.85 0.052 -059 :: 2.07 2.01 3.8 2.8 ::4’ 

2 z ; 14.05 13.85 

2.2 

13.85 1.0 .7 

3 
17:w x7.30 

13.85 
; 13.85 24.20 

:; 
1.3 

2 10 10 s a.05 
15.13 

13-e 13.85 :: ;:E 3.5 2.3 ;.f 

2 lo 10 ; 16xJ 13.6 17.30 13.85 :: 2.&j 3.19 1.8 1.3 :9 .7 

6 15 ; l6.2c 13.6 .035 6.25 3.0 1.5 
6 15 17.30 13.85 .037 

:: 
5.66 2.5 1.3 

z l6.20 17.50 13.85 13.85 .023 .@9 :: Z:% 4.5 3.3 2.3 1.7 

ii:g 
13.e 
13.85 

2 : ; a.05 15.13 13.85 13.85 

6 5 5 l6.20 13.85 

2 55 ; 17-Y 17.30 24.20 24.2.0 

z 45.00 45.00 

6 10 13.e .045 : 1 94 

2'00 1:88 

4.4 2.2 

2 10 10 13.85 13.85 .@33 .070 3.1 
6 Lo 13.85 .093 : 1.94 2; 

l-5 1.0 

2 10 Lo ; l6.20 17.30 z-2 

2 lo 10 z 17.30 23.80 24:20 45.00 

.053 JJ-7 

:gZ 1.4 i:; 

6 10 5 23.80 45.00 .m5 13 1.5 

13.85 .043 
t 

2 12 3.9 1.9 
13.e 

:z 
2105 2.7 1.3 

15.13 13.85 
:: 

1.94 1.8 
17.30 131.&j 2.05 

6 17.30 24.20 1.7 

2 23.80 17.30 24.20 45.00 .dc9 .w 

:: 

13 3 

2 ;; 5 
z 

13.85 13-e :: 2.29 2.17 4.2 2.8 f:t 
2 t; 

; 

Is.20 15.13 13.e 13.85 .064 -084 :: 212 2'12 1.3 1.9 1.0 

6 19 17.30 13-e 4 2:l2 .8 :t 

2 19 19 ; r-r.30 17.30 24.20 24.20 2; 

2 19 19 ; 23.80 23.80 45.00 45.00 t::: 
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T 
a9 

deg 

12 
I2 
12 
I.2 
12 
I.2 
12 

I.2 
I2 
I2 
I.2 

12 
12 
I2 

I.2 
I2 
12 

12 
I.2 
12 
12 
12 
I2 

I.2 
IL.2 
I2 
12 
12 

12 
I.2 

12 
12 
12 
12 
12 
I.2 

12 
I.2 
12 
I2 
12 

TABLE I.- Continued 

EXPERl3ENTALDA!I'AFORFLAT-~~O-sKISMEAGuReD INAWAKE 

p = 0.167 ft] 

(b) Three-hydra-ski arrangement - Continued 

be2 

z ; ; 
5 

10 
10 
lo 
10 

15 
15 
15 

19 
19 
19 

; 

; 

; 

10 
10 
10 
10 
10 

z:; 

15 
15 
15 
15 
15 
15 

19 

:; 
1-9 
19 

Yt 
XallE 
T 

22; 
9:73 

lO.f!O 

::g 
17.30 

13.85 0.102 
13.85 .128 
13.85 .168 
13.85 .216 
13.85 .u8 
45.00 .188 
45.00 ~68 

9.73 13.85 .082 
10.80 13.85 -119 
=.go 13.85 J57 
17.30 45.00 .ul 

10.80 

2% 

13.85 
13.85 
13.6 

::it 
.llo 

10.80 13.85 .w3 
n.90 13.85 .079 
12.96 13.85 .079 

a 
9:a 

10.80 
17.30 
17.30 
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TABLE I.- Continuea 

~DATAFoRFLAT~ErYDRo-sKIs- ItiAWAKE 

Lb = 0.167 ft] 

(b) Three-hydra-ekL arrangement - Continued 

12 z 77 0.128 : 2 20 
I2 J55 2:20 

3.8 1.9 
2.4 1.2 

I2 
I.2 

; :: .178 2.30 1.6 
10.80 13.85 206 

:: 
2*30 

I.2 55 :: n.90 13.85 .24.6 4 2.30 '2 

:68 

I2 17.50 45.00 -9 13 6.72 1.6 :f; 

I2 10 77 13.85 
I2 10 

kg 
135.85 

:g i 2 24 
2130 

4.3 2.2 
2.6 1.3 

12 Lo ; 2:~ 1-3-85 J-i3 2.24 1.7 I2 10 13.85 .a6 :: 2.30 1.1 :Z 

I.2 10 7 u.90 .231 4 I2 10 7 17.30 .18j 13 :?I 

12 13.85 .loa 
:: 

2.24 4.5 2.3 
I2 13.85 .138 2-24 1.4 
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2.24 1:2 
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I2 19 13.85 -163 2.36 1.8 I.2 19 13.85 .I98 :: 2.36 1.2 :Z 
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18 15 13.85 .m 
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Tp,BLE I.- Concluded 

EXPERIFIEPlTALRA!PAFORFLJil'-=HYDRO-=Sw ILVAWAKE 

b i 0.167 ft) 

(b) Three-hydra-ski mengement -._Concluded 
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18 
18 

18 
la 
18 
18 
18 
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45.00 

.167 

:g 
-325 
.238 
.238 

13.85 .l42 
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2.0 
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2.0 
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1.0 
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I L, 

(a) Tandem hydra-ski arrangement. 

Figure l.- Photographs of models attached to the towing carriage. 



(b) Three-k&o-ski 6Xrangement. 

Figure l.- Concluded. 



-. 

, I l 

Plan view 

Flgure 2.- Sketch of the approximate ehape of the w&e of a flat rectangtikr planing surface. 
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Figure 3.- Data obtained with the tandem hydra-ski arrangement. 
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Figure 3.- Continued. 
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Figure 3.- Concluded. 



Side photographs Undmwater photographs 

Figure 4.- Sample photographs of the tandem hydxo-ski arrangement at a = 12O. 

cv = 7.57. 

Longltudlnal 
spacing = 5 beams; 

Longitudinal 
spacing = 15 beams; 

CL w - = 2.7; 
CL 

(L/D), 
(L/D) - l. 

06. 

L-5al.228 
cA = 13.85; 
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A 19 

2.0 

(b) 12'. US= 

--- - (4 (c) a = 18O. a = 18O. 

Figure 5.- Effect of Bpeed on trailing hydro-ski in tandem exrangell;ent. 

CA = 13.85. - ..- . ._. ._ 



NACA TN 4251 23 

1.0 

CL 2 
c, l cl 

.4 

.2 

0 4 8 12 20 
-Imgttudbd qacing, beems Lac@tuatnal!3paclng, beam 

.6 
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Lcngitud- spacfng, b.=- Lcm@tudinal spacing, beams 

(a) Center-line spacing of rem hydro-skis, 3 beams. 

'Figure 6.- Data obtained with three-hydro-ski arrangement at a = 6’. 
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(b) Center-line spacing of rear hydra-skis, 5 beams. 

Figure 6.- Concluded. 
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(a) Center-line spacing of rear hydro-skis, 3 beams. 

Figure 7.- Data obtained with the three-hydra-ski arrangement at 
a = l2O. 
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(b) Center-line spacing of rear hydra-skis, 5 beams. 

Figure 7.-.Continued. 
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(c) Center-line spacing of rear bydro-skis, 7 beams. 

Figure 7.- Concluded. 
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(a) Center-line spacing of reax $@ro-skis, 3 beams. 

Figure 8.- Data obtained with the three-bydro-ski arrangement at 
- a=l8O. 
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(b) Center-line spachxg of rem hydra-skis, 5 beams. 

Figure 8.- Continued. 
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0 lL T 8.~ = 16 20 
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(c) Ceriter-line spacing af reayhydro-skis, 7.beams. . . . . . _ -. .-. _ - 
. 

Figure 8.-I Concltided. 



Side pbotographe Underwater photographs 

(a} Center-line spacing of rear bydro-skis, 3 beems. L-58-129 

Longitudinal E 
spacing = 5 beams; ul 

r - 

CL w - * 1.13; 
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(L/D) w = 1.04. 
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Ilongitubiml 
spacing = 10 be&a; 
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P 0.42; 
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(Lb’), E o %’ 
- . . 

(L/a 

Pigure 9.- Sample photographs of the three-by&o-ski arrangement at a = 18'. CA = 13.85; 
cv = 8.65. 

w r 



Side photographs Underwater photographs 

(b) Center-line spacing of rearr hydra-skis, 5 beams. ~-58-m 

FYgme g.- Contkmed. 

Longitudinal 
spacing =lgbemus; 

ti = 0 613. 
CL -' 

!?&=088 
(L/D) . * 



, I 
c \ 

Side photoepraphs Il?l&mater photogrqhs 

(c) Center-line spacing of rear bydro-skis, 7 beams. 
L-58- 131 

Figure 9.- Concluded. 
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Figure lO.- Effect of hydra-ski spacing on three-hydra-ski sxrangement. 
cA = 13.85. 
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NACA - Lan&~ Nsld, Va. 


